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AN EVALUATION OF DIETHYLSTILBESTROL AS AN INHIBITOR OF
THE GROWTH OF STAPHYLOCOCCIt
Susceptibility to staphylococcal infection is conditioned by complex mech-
anisms about which little is known. We know that the perennial persistence
of staphylococci in man and animals subject them to staphylococcal
infections under natural conditions and in the presence of antibody but
additional information is needed concerning the physiological factors that
may influence the staphylococci in the infected host.' There is explicit
recognition that the reactivation of a bacterial process can be affected by
the secretions of the endocrine system.2 This situation becomes apparent
during infancy, puberty, pregnancy, menopausal, and postmenopausal
years, early postpartum and lactation period, diabetes, and other metabolic
disturbances. In attempts to determine the mechanisms of an altered
response of the host to staphylococci, consideration should be given to
the possible role by hormones. The present study was initiated to
determine whether diethylstilbestrol, a pure and readily available syn-
thetic estrogen used for replacement therapy in estrogen deficiency,
cancer, acne, and other disorders, had any recognizable action on the
growth and metabolism of staphylococci.
MATERIAL AND METHODS
Cultures. The following microorganisms were used: Staphylococcus aureus, sero-
types I to XII (ATCC 12598 to 12610), Bacillus cereus, Bacillus subtilis, Gaffkya
tetragena, Listeria monocytogenes, Micrococcus conglomeratus, Saccharomyces
cerevisiae, Sarcina lutea, Staphylococcus epidermidis, Streptococcus faecalis,
Escherichia coli, Alcaligenes faecalis, Salmonella paratyphi, Klebsiella pneumoniae,
Shigella flexnerii, Proteus vulgaris, and Aerobacter aerogenes. All S. aureus strains
were tested periodically for their ability to utilize glucose and mannitol under
anaerobic conditions according to the method of Hugh and Leifson8 with phenol
red (0.001 per cent) as an indicator, gelatin liquefaction, pigmentation and both
free and bound coagulase by use of accepted microbiological methods.' All the
other cultures were obtained from stock culture collections maintained at Stritch
School of Medicine and were originally obtained from American Type Culture
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Collection. Cultures were kept in stock at 4°C. on tryptic soy agar (Difco) slants
in screw-capped tubes. Transfer to a new slant was made every four weeks.
Hormone solution. Crystalline diethylstilbestrol (DS) was obtained from Cal-
biochem. Fresh solutions of the desired concentrations were obtained by dissolving
a weighed amount (1 to 20 mg.) of DS in 20 ml. of 95 per cent ethyl alcohol.
A 1 ml. sample of this solution was added to 49 ml. of growth medium in a 300
ml. nephelometric flask, yielding final concentrations of 1 to 20,g. of DS per
milliliter of medium. Control flasks received 1 ml. of 95 per cent ethyl alcohol.
Both sets of media were then sterilized by autoclaving. Autoclaving did not appear
to alter the antibacterial activity of DS, since Seitz filtration of DS containing
media yielded similar results. The purity of DS was checked by determination of
its melting point and maximum absorbance (244 mutt).
Growth studies. Cells for growth studies were grown in 10 ml. of tryptic soy
broth (Difco) or in the synthetic medium, at 37°C. for 24 hr., and harvested by
centrifugation. A smooth suspension was prepared by manual shaking for 5 minutes
in a 125 ml. Erlenmeyer flask containing 30 glass beads, each having a diameter
of 5 mm., and was adjusted with sterile distilled water to 10 Klett units by use
of a No. 42 filter of a Klett-Summerson photoelectric colorimeter. This suspension
contained approximately 7.0 X 106 colony forming units (CFU) per milliliter.
Each nephelometric flask was inoculated with 1 ml. of the above cell suspension,
and was placed on a rotary shaker in an incubator room at 37°C. Turbidity
determinations were performed in the incubator room by use of a Klett-Summerson
photoelectric colorimeter equipped with a blue filter (No. 42), and by the use of
previously prepared standard curves. Under these conditions, 1 Klett unit was
equivalent to 1.5 + 0.3 ,ug. of cell dry weight per ml., or approximately 1 X 106
CFU/ml.
Studies with resting cell suspensions. Fresh solutions of the desired concentrations
of DS were obtained by dissolving a weighed amount of DS in 95 per cent ethyl
alcohol. A 1 ml. sample of this solution was added to 49 ml. of saline or 0.1 M
potassium phosphate buffer, pH 6-8. Preliminary experiments indicated that sus-
pension of staphylococci in buffer adjusted to pH 6-8 did not influence the sub-
sequent growth of staphylococci on tryptic soy agar plates in a 250 ml. Erlenmeyer
flask yielding final concentrations of DS of 1-20 ug/ml. Control flasks received
1 ml. of 95 per cent ethyl alcohol. Both sets of flasks were then sterilized by
autoclaving. A homogeneous suspension of S. aureus, prepared in sterile saline or
phosphate buffer, was added to the flasks and the turbidity adjusted to 10 Klett
units. The flasks were then incubated under different environmental conditions,
aliquots removed at specific time intervals, serial tenfold dilutions were made and
the number of colony forming units (CFU) was determined in tryptic soy agar
pour plates.
Manometric studies. The cell suspensions used in respirometric studies were
grown in 100 ml. of tryptic soy broth at 37°C. for 16 to 20 hr., harvested, washed
once with 0.1 M sodium phosphate buffer, pH 7.0, and resuspended in the same
buffer.
Manometric studies5 were carried out in the Warburg apparatus at 37°C. with
air as the gas phase. The total volume in the flask was 2.2 ml. Two-tenths ml. of
20 per cent KOH was placed in the center well with a folded filter paper strip,
1 ml. of cell suspension containing approximately 0.4 to 0.6 mg. dry weights of
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cells per milliliter with appropriate hormone concentration dissolved in 2 per cent
methanol were pipetted into the reaction compartment of the flask; 0.5 ml. of
buffer was pipetted in the compartment; and 0.5 ml. of the substrate dissolved
in 0.1 M buffer, pH 7.0, was added to one side arm. Control vessels contained
the same concentration of cell suspension with 2 per cent methanol. Rates of
oxygen uptake in air were determined for 90 minutes by conventional manometric
techniques at 37°C.
DS and dehydrogenase. Using the Thunberg technique as described by Umbreit,
et al.,' dehydrogenase activity was measured with glucose and succinic acid as
substrates. A tube whose color intensity represented 90 per cent reduction was
prepared and used as a standard. The contents of the tubes were as follows:
1 ml. of 1:10,000 (0.000267 M) methylene blue, 2 ml. of 0.02 M substrate in
phosphate buffer, 2 ml. of M/15 sodium phosphate buffer, pH 7.0, and 1 ml. of
cell suspension containing appropriate hormone concentration dissolved in 2 per
cent methanol in side arm cap. Control tubes contained the same concentration of
cell suspension with 2 per cent methanol.
RESULTS
Quantitative aspects of the antibacterial action of DS. The minimum
concentration of DS necessary to prevent the growth of the 13 serotypes
of S. aureus after 24 hr. incubation are shown in Table 1. It can be seen
TABLE 1. EFFECT OF DIETHYLSTILBESTROL (DS) ON STAPHYLOCOCCUS AuREus
Minimum inhibitory concentration
(sg/ml.)
Serotype Aerobically Anaerobically
Serotype I 6.3 1.6
Serotype II 6.7 1.6
Serotype III 7.2 2.1
Serotype IV 7.0 2.5
Serotype V 7.2 1.9
Serotype VI 6.8 2.6
Serotype VII 6.0 2.1
Serotype VIII 7.3 1.8
Serotype IX 6.9 2.7
Serotype X 6.1 2.4
Serotype XI 6.8 1.8
Serotype XII 7.1 2.3
Serotype XIII 6.6 2.8
Average 6.76 2.17
The system contained 49 ml. of tryptic soy broth in a 300 ml. nephelometric flask,
diethylstilbestrol (DS) at a final concentration of 0 to 10 mg. per ml. of broth
dissolved in 1 ml. of 95 per cent ethanol and 7.0 X 10' viable staphyloccci. Flasks
were incubated for 29 hours on a rotary shaker in an incubator room at 370 C.
or in a Precision Thelco anaerobic incubator at 37°C. Three separate experiments
were performed with each strain and the mean values obtained were recorded.
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that under aerobic conditions the minimum inhibitory concentration
(MIC) ranged between 6.1 and 7.3 jug/ml., while when incubation was
performed under anaerobic conditions in a Precision Thelco anaerobic
incubator the MIC ranged between 1.6 and 2.8 fig/ml.
Frank, et al.6 reported that diethylstilbestrol at a concentration of
10-1 to 10-5 jug/ml. increased the growth of four mastitis-producing
bacteria. It was of interest to determine whether a similar response could
be obtained with S. aureus. It was found that DS at a concentration of
10-1 to 10-5 jug/ml. of tryptic soy broth failed to stimulate the growth
of S. aureus. DS at a concentration of 1 jig/ml. retarded the rate of
transfer of cells from the lag phase into the exponential phase, thereby
causing a lengthened lag phase and a resultant decrease in growth during
the exponential phase as compared with the controls (Table 2).
To determine whether cell selection was responsible for the reversal
of bacteriostatic action of low concentrations of diethylstilbestrol after
5 to 8 hr. of incubation, cells were grown to the end of the exponential
phase in the presence of 5 fig. of hormone per ml. At this time inhibition
has been overcome as revealed in previous growth studies. Samples were
withdrawn from this culture aseptically, harvested by centrifugation,
washed once with saline and resuspended in saline. A standardized cell
suspension of 10 Klett units was prepared and inoculated into a second
set of flasks containing similar concentrations of hormone. Inhibition
again appeared as seen previously. This experiment indicates that selec-
tion could not have been responsible for the loss of bacteriostatic action
of diethylstilbestrol at low concentrations after 5 to 8 hr. of growth.
Action of diethylstilbestrol on other microorganisms. To determine
the specificity of the bactericidal action of diethylstilbestrol, the effect of
hormone on the growth of various microbial species was determined.
Cell suspensions were adjusted with sterile saline or phosphate buffer,
pH 7.0, to 10 Klett units of Bacillus cereus, B. subtilis, Gaffkya tetragena,
Listeria monocytogenes, Micrococcus conglomeratus, Saccharomyces
cerevisiae, Sarcina lutea, S. epidermidis, Streptococcus faecalis, Aerobacter
aerogenes, Alcaligenes faecalis, Escherichia coli, Klebsiella pneumoniae,
Proteus vulgaris, Salmonella typhimurium, and Shigella flexnerii were
prepared and 0.2 ml. of the suspension containing approximately 3.2 X
106 colony-forming units was inoculated into nephelometric flasks con-
taining 50 ml. of tryptic soy broth and 0 to 20 pug. of hormone per milli-
liter. Turbidity was determined as previously described.
As seen in Table 3, a survey of the effect of diethylstilbestrol on the
growth of various microorganisms indicated that hormone exerted an in-
hibitory effect on the growth of all the gram-positive microorganisms
314
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TABLE 3. ACTION OF DIETHYLSTILBESTROL ON VARIOUS MICROORGANISMS
1. Gram-positive
MIC (,gg/ml.)
Microorganism
Aerobically Anaerobically
Bacillus cereus 6.8
Bacillus subtilis 4.9
Gaffkya tetragena 4.3 1.1
Listeria monocytogenes 3.9 1.0
Micrococcus conglomeratus 5.3 1.8
Saccharomyces cerevisiae 1.0 1.0
Sarcina lutea 5.6 2.1
Staphylococcus epidermidis 1.0 1.0
Streptococcus faecalis 6.6 2.4
2. Gram-negative
Cell yield* with varying DS concentration
(,ug/ml.) at 8 hr.
Microorganism
0 1 5 10 15 20
Aerobacter aerogenes 159 163 172 160 168 164
Alcaligenes faecalis 300 293 311 285 302 314
Escherichia coli 273 270 269 274 273 278
Klebsiella pneumoniae 108 112 111 109 111 108
Proteus vulgaris 149 162 156 145 150 154
Salmonella paratyphi 234 241 239 233 241 231
Shigella flexnerii 198 192 191 189 194 193
Experimental conditions were same as those cited in Table 1.
Various bacteria were employed as inoculum.
* Expressed in micrograms dry weight of cells per milliliter.
tested. The MIC ranged from 1.0 to 6.8 ,ug/ml. under aerobic conditions
and 1.0 to 2.4 jug/ml. under anaerobic conditions. Further, it is seen
that the effect is more or less similar to S. aureus. On the contrary,
diethylstilbestrol did not influence any of the gram-negative micro-
organisms tested.
In order to study the selective non-inhibitory effect on gram-negative
microorganisms, S. aureus and Salmonella typhosa were grown in tryptic
soy broth containing 4 ptg. of hormone per milliliter. S. aureus was par-
tially inhibited but the growth inhibition was overcome in 8 hours and
S. typhosa was not inhibited. The media were sterilized by filtration
using a Seitz filter. The sterilized media were then reinoculated with
standardized cell suspensions of S. aureus. As can be seen in Table 4,
in both sets of media anti-bacterial action was similiar to those observed
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in the previous studies. This indicates that either transformation of
diethylstilbestrol by gram-negative microorganisms could not account for
their resistance to the anti-bacterial action of hormone or that gram-
negative microorganisms transform hormone to a product active only
against gram-positive microorganisms and not gram-negative micro-
organisms.
TABLE 4. INTERACTION OF DIETHYLSTILBESTROL WITH A HORMONE-SENSITIVE
AND HORMONE-RESISTANT ORGANISM
Cell yield*
After filtration of medium
DS con- Initial incubation at and reinoculation uith
centration S. aureus at various hrs.
Microorganism (pg/ml.) 0 8 hr. 0 4 6 8
S. aureus 0 0 185-196 0 1-2 60-65 185-194
4 0 144-148 0 0 34-39 145-149
Sal. typhosa 0 0 229-245 0 1-2 63-65 186-192
4 0 234-241 0 0 35-38 147-154
*Expressed in micrograms dry weight of cells per ml.
Effect of diethylstilbestrol on nongrowuing cells. To determine whether
bactericidal activity occurred only with growing cells, an experiment was
carried out with nongrowing cells (Table 5). Death of nongrowing cells
occurred and was proportional to diethylstilbestrol concentration, but it
TABLE 5. EFFECT OF DS ON RESTING STAPHYLOCOCCAL CELLS
DS con- CFU/ml. at various times (hr.)
centration
Cell type (pglml.) 0 1 2 3 4
Restinginsaline 0 1 x 10 1 X 106 1 x 108 1 X 10 1 X10
1 1 x 108 1 X 106 8.5 x10 7 x 1O 6 x105
5 1 X 10 8 x 10 4.2 x 10 1 x105 5.1 x 104
10 1x 106 5.3X 104 3.7X 108 0 0
GrowinginTSB 0 1 x 106 3 x 100 8 x 104 2 x 107 7 x 107
1 1 x 10 1 X1 1 X 10 1 x 10 1 X 10
5 1 x 1O 3.3x 10 2.9 x 10' 2.6 x 10' 2.1 x 104
10 1 x10i 1.8x 104 2.0X 102 0 0
Resting cells of staphylococci in saline or TSB adjusted to 10 Klett units and con-
taining 0 to 10 ,ug/ml. diethylstilbestrol were incubated aerobically at 370 C. At
timed intervals samples were removed and the number of CFU/ml. was determined
in TSA pour plates.
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proceeded at a slower rate than that observed with growing cells. Ten
jig. of hormone per milliliter caused over 90 per cent decrease in viability
within 15 minutes. On increasing the initial cell concentration the in-
hibitory effect of diethylstilbestrol decreased rapidly and with a cell con-
centration of 5 X 108 CFU/ml. or more, the cells were not affected by
diethylstilbestrol even when a concentration of 20 ,ug/ml. diethylstilbestrol
was employed.
Effect of pH on the bactericidal action of diethylstilbestrol. The effect
of hydrogen ion concentration on the antibacterial activity of diethyl-
stilbestrol was studied. The results of these studies are shown in Figure
1. It can be seen that decrease in the pH of the medium caused a sig-
EFFECT OF pH ON THE
BACTERICIDAL ACTION OF DS
100 0 pH 6.0
80 0 x pH 6.5
o 60p*c 4 pH 7.0
1- * ~ ~~~~~~~ ApH 75
m 40
z
II 20 A pH 8.0
o ° o CONTROL.
0 I 2 3 4
TIME IN HRS
FIG. 1. Effect of pH on the bactericidal action of diethylstilbestrol on S. aureus.
Resting cells of staphylococci in 0.1 M phosphate buffer of varying pH, adjusted
to 10 Klett units and containing 20 ,ug/ml. diethylstilbestrol were incubated aero-
bically at 370 C. At timed intervals samples were removed and the number of
CFU/ml. was determined in TSA pour plates. pH of control curve 6-8.
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nificant increase in bactericidal activity. At pH 6.0 approximately 97 per
cent inhibition was observed, while at pH 8.0 only 25 per cent inhibition
was observed.
Warburg studies. With the knowledge that diethylstilbestrol interfered
with the viability of growing and resting cells of S. aureus and as an
initial attempt to study the mode of action of DS on staphylococci the
oxidation of two rich and one chemically-defined substrate was assayed
by the technique previously described. The results shown in Table 6
indicate that DS inhibited the oxidation of tryptic soy broth, brain heart
infusion broth and pyruvate. The percentage of inhibition of oxygen con-
sumption of staphylococci exposed to 1, 5, 10 and 20 jig/ml. DS was
11, 36, 54 and 82 per cent with brain heart infusion broth as substrate,
15, 26, 60 and 71 per cent with tryptic soy broth as substrate and 0, 24,
48, and 64 per cent with sodium pyruvate as substrate. The effect of DS
on the dehydrogenase activity of resting cells of S. aureus was next
assayed by the Thunberg technique employing glucose and succinate
as substrates. The results of these studies are shown in Table 7. It can
be seen that with both glucose and succinate as substrates the time
required for the decolorization of methylene by staphylococci exposed
to varying amounts of DS increased proportionally with the increasing
hormone concentrations.
TABLE 6. EFFECT OF DS ON THE OXIDATION OF VARIOUS SUBSTRATES
,ul. O consumed at 60 min. with
varying DS concentration (1ug/nl.)
Substrate 0 1 5 10 20
Tryptic soy broth 132 114 99 53 38
Brain heart infusion broth 192 170 124 90 35
Pyruvate 40 39 31 23 14
Flask contents: 1 ml. of cell suspension (0.5 mg. dry weight) prepared as described
in METHODS, 0.5 ml. of 0.1 M potassium phosphate buffer (pH 7.0), 0.5 ml. of
substrate containing 0 to 20 ug/ml. DS. Sodium pyruvate was added at a concentra-
tion of 2 mg. per flask with 2 ,ug. of nicotinic acid and 2 #g. of thiamine hydro-
chloride. A 0.2 ml. amount of 20 per cent KOH and filter paper wick were placed
in the center wells. Oxygen' uptake in air was determinted at 370 C. Figures shown
in the table have been corrected for the endogenous respiration.
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TABLE 7. EFFECT OF DIETHYLSTILBESTROL ON DEHYDROGENASE
ACrIVITY OF S. Aureus
Mean time in minutes for 90 per cent reduction of
methylene blue at varying DS concentration (tug/ml.)
Substrate 0 1 5 10 20
Glucose 2.5 3.6 4.7 7.3 10.4
Succinate 28.4 31.0 42.5 54.0 78.0
Tube contents: 1 ml. cell suspension of S. aureus (0.5 mg. dry wt.) in M/15
sodium phosphate buffer, pH 7.0; 1 ml. methylene blue (0.000267 M); 2 ml.
substrate (0.02 M); 2 ml. phosphate buffer.
DISCUSSION
In spite of the extensive literature pertaining to the anabolic properties
of diethylstilbestrol on mammalian cells,7'9 little is known regarding its
effect on various groups of microorganisms. The data presented in this
paper indicate that diethylstilbestrol in concentrations usually employed
by physicians for the treatment of endocrine disorders and under appro-
priate conditions had an inhibitory effect on the growth of staphylococci
and all other gram-positive organisms included in this study.
The lack of bactericidal action of diethylstilbestrol on gram-negative
organisms is in striking contrast to the growth inhibitory action produced
by diethylstilbestrol on gram-positive bacteria. A possible explanation of
the resistance of gram-negative organisms may involve the cell wall of
gram-negative organisms which differ chemically from the cell wall of
gram-positive organisms.'0 The inability of gram-negative organisms to
bind diethylstilbestrol or their ability to rapidly transform this hormone
to an inactive intermediate might be a further explanation of insensitivity
of gram-negative organisms.
The antibacterial activity of diethylstilbestrol could be due to the hydro-
phobic or hydrophilic group on the compound. Presence of such groups
is characteristic of surface active compounds. The relative activity of
diethylstilbestrol appears to coincide with the antibacterial action of surface
active agents, for it has been reported by Varricchio, et al.' that synthetic
azasteroids and diethylstilbestrol possessed surface activity and might
bind to the bacterial cell.
The inhibitory effect may be due to diethylstilbestrol itself or due to
its transformed product which is formed during incubation of hormone
and cell suspensions. Judging from the lack of activity of many closely
related steroids, it appears that minor modification of diethylstilbestrol
would diminish its inhibitory activity.1"1' If a transformed product of
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diethylstilbestrol is formed early in the cell growth, then it is as active
as the parent compound, according to the studies on growth and respira-
tion. But the growth studies suggest that metabolism of diethylstilbestrol
eventually relieves the cell from its inhibitory action. Furthermore, if a
transformation is required in order to overcome inhibition at low con-
centration, then hormone added in log phase of growth should inhibit
immediately. This did not occur. Significant effect was observed upon
addition of the hormone after initiation of growth.
The experiments concerning bacterial selectivity exclude two possi-
bilities of interaction of diethylstilbestrol and staphylococci. A mutation
to hormonal resistance to produce a clone of cells unaffected by diethylstil-
bestrol has not occurred. Also no metabolic induction of enzymes to
counteract hormone inhibition is evident.
Various dehydrogenase systems were inhibited by diethylstilbestrol and
Hochster and Quastel" attributed this to its role, in the form of quinine,
as a competitive hydrogen carrier. Change in pH of the medium may
disturb the equilibrium of quinole-quinone forms of diethylstilbestrol and
cause a change in the percentage of inhibition.
Tomkins and Maxwell'5 reported that in the presence of low concentra-
tions of reduced pyridine nucleotides, synthetic and natural estrogens
caused the disaggregation of crystalline glutamate dehydrogenase into
subunits. Disaggregation of protein was accompanied by inhibition of
glutamate dehydrogenase activity and stimulation of alanine dehydro-
genase activity. Diethylstilbestrol inhibits pyruvate kinase and aldehyde
dehydrogenase""5 by an allosteric interaction causing alteration of struc-
ture, but no disaggregation of apoenzyme.
The results obtained using washed cells indicate that diethylstilbestrol
inhibits oxidation of different substrates, including pyruvate, by staphy-
lococci. Further, our results also indicate that the hormone inhibited the
endogenous respiration of staphylococci. The degree of inhibition may be
correlated with the concentration of diethylstilbestrol, pre-exposure of
the cells to diethylstilbestrol, the oxidation-reduction potential and the
hydrogen ion concentration of the system. These variables probably exert
their effect by allowing more hormone to reach the sensitive reactive
site(s).
SUMMARY
The diverse effects of hormones on animal cells prompted a study of
the action of diethylstilbestrol (DS) on staphylococci. The effect of DS
on the rate of growth of staphylococci was assayed by plate counts and
turbidimetrically, and its effects on the oxidation of substrates was tested
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manometrically. Exposure of S. aureus to 1 to 20 ,ug/ml. of DS produced
a gradual decrease in oxygen consumption by staphylococci. Aerobically
and in tryptic soy broth, a concentration of 6-7.2 jug/ml. of DS was
required to produce complete inhibition of growth of S. aureus, whereas
anaerobically a concentration of 1.6 to 2.8 jug/ml. DS was needed to
achieve the same effect. Significant bactericidal action with 1 to 20 jug/ml.
of DS was obtained in saline; the extent of killing depended on DS con-
centration, time of exposure, and pH.
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